Research and development at the nanoscale requires a large degree of integration, from convergence of research disciplines in new fields of enquiry to new linkages between start-ups, regional actors and research facilities. Based on the analysis of two clusters in nanotechnologies (MESA+ (Twente) and other centres in the Netherlands and Minatec in Grenoble in France), the paper discusses the phenomenon of technological agglomeration: colocated scientific and technological fields associated to coordinated technology platforms to some extent actively shaped by institutional entrepreneurs. Such co-location and coordination are probably a pre-requisite for the emergence of strong nano-clusters.
-2 -incumbents and large firms (Agrawal and Cockburn 2003) . These studies have often taken biotechnology as their entrance point.
There is an additional dynamic, which we will provisionally call 'technological agglomeration'
i.e. the geographic co-location of different scientific and technological fields. Technological opportunities as well as requirements on further technological development (e.g. a next generation of chips) stimulate linkages and coordination amongst different fields, and this may create cumulative advantages for clusters in which a wide range of scientific areas is explored.
Thus, there is a technological driver in the agglomeration of actors and activities in a geographical region, and more generally, in clusters building on proximity.
Technological agglomeration is a general phenomenon, but it is particularly visible in newly emerging nanotechnology-linked developments. We will use our ongoing studies of regions with a high concentration of nanotechnology-linked activities to show the importance of technological agglomeration for the overall dynamics of development. Our analysis of these technoinstitutional dynamics and related changes in networks of firms, research centres, and regional actors and policy makers, takes technology infrastructures and in particular, technology platforms as the main entrance point. Technology platforms are increasingly recognized as important in enabling innovation, as a key part of business models of (high-tech) start-ups, and as having dynamics and requirements of their own.
In this note, we present a first analysis of the role of technological agglomeration in the evolution of nano-clusters in the Netherlands and in Grenoble. 
The Technological agglomeration and technology platforms
The past ten years have seen an explosion of interest for the area of science and technology labelled "nanotechnology". Nanotechnologies are defined as technologies which include components that have at least one dimension between 1-100 nm, and display unique characteristics due to being at this scale. Unlike previous high-technology waves, nanotechnology covers a diverse field of sciences and engineering, crosses boundaries between them and aims to utilize the very fundamental characteristics of matter by manipulation and control at the nanoscale.
As they cross many disciplines, also many industries and technology chains, nanotechnologies reshape the existing organisational arrangements amongst actors. Technological agglomeration i.e. the co-location of scientific and technological supports the development of nanotechnologies within the area. They also involve large investments in infrastructures. Bigger and better clean rooms, atomic force microscopes for observation and manipulation at the nanoscale, e-beam lithography and nano-imprint lithography to make the channels, pores, and circuits needed for the research. Organisationally, it requires the sharing of facilities, equipment and skilled technicians for these very different technology/research fields. Since such facilities are expensive and take some time to construct, they need high investment (both financially and in training of manpower) over a period of time. -4 -Developments in most fields of nanotechnologies are tied to technical facilities, that is the instrumentation itself and the skills that are needed to operate them. In addition, a lot of nanotechnology research involves development, construction and implementation of new instruments. In other words, nanotechnology must be a field that allows us to study the phenomenon of technological agglomeration.
Actually, the infrastructural requirements add up to a basic set of technologies and skills, which allow, when in place, a variety of further work and product development. In other words, there is a technological platform i.e. a set of instruments which enables scientific and technological production: it allows exploration and exploitation of a variety of options, for strategic research, technology development, and sometimes also product development. Such a basic set of technical infrastructure is somewhat independent of the team which originally built and assembled it. It is recognized by others as important, and assembled to be able to profit from the variety of purposes it can be put to. It is not focused, however, on appropriating part of the value added in producing goods or services, but to enable innovation and valorisation (and appropriate the resulting technological options, for example in publications, patents, and as core competence of a start-up firm).
A technology platform is not just a collection of equipment. It enables and constrains further actions. Furthermore, the recognition of the possibility of such platforms incites actions to realize them. As product platform (Gawer and Cusumano, 2002) focuses on the standardisation of interfaces which makes it compatible with the other modules, technological platforms appear as enablers of R&D, of families of technological options, and of successive product development. A sector can then be viewed not in terms of a dominant design and related industry structures, but 2004) shows how genomics platforms emerged in R&D institutions and some R&D companies (e.g. micro-arrays), but took on a further feature in France when public financing was made available provided there was some geographical concentration and provisions for access ('dispositif instrumental partagé').
In nano R&D and product development, the range runs from the basic set necessary for manipulating at the nanoscale (STM, AFM, surface analysis instrumentation, nano-fabrication including clean room facilities) to further technological (and social) infrastructure necessary for nano-production. This will be different for different types of products: coatings vs. biochips vs.
nano-electronics. Such products are not (and most often cannot) be exclusively nano: for example, micro-systems enabled by nano-inputs (components, modifications). When the new industries have become articulated and stabilized, the technology platforms turn into platforms enabling product families in the traditional sense (Tatikonda 1999) . What is still distinctive is that these product families are defined by the technology rather than the sector. Start-up companies basing themselves on a technology platform can identify and follow-up opportunities in different sectors.
Technological platforms, when sought after, are intentional opportunity structures. They are also part of evolving (or emerging) techno-industrial networks and help structure them. This note argues that technological agglomeration is the effect of technological platforms being set up, used and expanded. Because of the coordination (de facto through the nature of the platform, as well as intentional, e.g. when organizing access) that is involved, there is a proximity effect and some clustering will occur. There are two main routes of technological agglomeration (and one may find other routes in between, a mix of the two main routes). -building co-localised facilities and scientific and technological competencies (geographic concentration), where the technology platforms are expansions of existing facilities. They have to be articulated and designed as such, which requires a concerted effort from the beginning. The second route often builds on what has been happening in the first route, in particular when a certain threshold of articulation and stabilization has been passed. The French public policy which supported the creation of technological platforms within the Genopole programme is an example of such articulation allowing further steps to be made (Peerbaye 2004) . The Minatec project in Grenoble (our first case study) was conceived as a major new step, but derived its legitimacy from what was happening already in the region.
In both cases, technology platforms need to be located near a research centre or university. The high investment of monetary and human capital into such technology platforms, and the possibility of many various diffuse technology chains to cross at a technological platform, imply that it is attractive to locate the various technology platforms at the same location, near skilled workforce (and a workforce that evolves with the evolution of the technology platform). Small and large companies could then locate themselves nearby and profit from this agglomeration.
Platform agglomeration is also an enabling tool to run complementary experiments and to explore different scientific fields. In addition to scientific and technological convergence in nanotechnologies (Roco and Bainbridge, 2002) , generic platforms appear to be the locus of hybridization amongst technologies (Avenel et al., 2006) , where teams from different traditions and disciplines can meet around technological facilities. Platforms are a hub for the different disciplines to meet (Carlile, 2004) , a sharing facility which play the role of a boundary object (Carlile, 2002; Star and Griesemer, 1989 ).
There will be path dependencies, in the sense that earlier investments and competencies shape what can be done later. Sometimes, such path dependencies are actively constructed by institutional entrepreneurs who mobilize a variety of resources to create a new and major lab (Jean Therme and Minatec in Grenoble) or a distributed set of lab facilities (David Reinhoudt in Twente, and his colleagues in Groningen and Delft, in the Netherlands), which will then have a life of their own. Initiatives from such institutional entrepreneurs will be the other entrance point for our case studies, because these project futures and actively combine resources from different levels. In a particular locality or region, combinations of disciplines and infrastructures can be assembled and exploited that is adapted to existing competencies and networks. For example, Grenoble focuses on nano-electronics and the Twente region in the Netherlands on materials and sensors.
Illustrative case studies
To explore the agglomeration, we focus on two clusters, Grenoble and the surrounding areas and the cluster/network in the Netherlands. These two cases have been chosen as they are part of the Grenoble and the Netherlands are two of between 20 and 30 most visible concentrated areas in nanotechnologies, of which nine are in the US and fifteen in Europe (see Figure 1 ). In the chart (Figure 1 ), the profiles of the two clusters are quite different as Grenoble exhibits a high specialisation in physics while the Netherlands appears to be rather specialised in biotechnology.
For each case study, archival and documentary data were used, including project and funding proposals, consortia agreements, websites, and qualitative and quantitative data on publications and patents. We also interviewed main actors, traced the activities of the promoters of each cluster (Jean Therme and David Reinhoudt), and inventoried firms involved in the clusters and universities. This is a success story in the resource mobility and the construction of a rich supply of research and technological opportunity. The question which looms on the horizon is whether to work towards the next integrated set of technological platforms, or to step out of the race altogether.
Field Laboratory (GHMFL) enabling atoms to be observed in fine detail and experiments to be performed which are essential to progress in nanosciences. They are located nearby (less than ½ miles away).
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The Crolles 2 production facility is in place; there are some 50 of such facilities worldwide.
Actors are already projecting a next "generation", Crolles 3 (of which there will be some 20 worldwide), and negotiate and struggle about what is to be done, and who should take the lead.
What we sketched here is the dominant dynamic in the Grenoble region centred around microand nano-electronics, one which clearly shows the strong role of technological platforms and evolving industry structures which need nodes where synergies are exploited. There are other activities in the region, e.g. in bionanotechnology. These are much more dispersed but do show signs of emerging technology chains anchored and linked by more or less generic technology platforms. Such a dynamic is clearly visible, and intentionally sought after in our second case, Twente and the Netherlands.
Emerging distributed technological agglomeration in Twente and the

Netherlands
Our second case is played out at two levels, regional and national. The geographical scope is perhaps less important for this distinction (the Netherlands is a small country, and could be seen as a region), than the difference in roles of regional actors and authorities, and national level public authorities. The two levels have become linked in two main ways: the mutual positioning of the key nanoscience and technology centres in the Netherlands, and the emergence of a national nanotechnology consortium "NanoNed", which includes a distributed "NanoLab". We shall study the developments in Twente in some detail, as these are centred around a world-level nano-science research institute, MESA+, in the University of Twente, and show some technological agglomeration. For the national consortium, we focus on "NanoLab". There are Reinhoudt, played a major role) and its intended and unintended effects (Mangematin et al. 2005) , to which we only refer in passing.
There is mutual positioning of the research institutes, with Groningen as a hub for bionanotechnology, Twente for nanomaterials and manufacture, and Delft for micro-and nanoelectronics. We will discuss Twente in more detail below. The Groningen region and University focus on facilities related to preparation, manipulation and detection of cells and biomolecules. In In parallel to these developments, and building on them, a series of initiatives were taken at the national level which would lead, after a number of shifts, to the present R&D consortium NanoNed which draws on government funding. The original aim was to create a stronger position for the three partner centres from the Universities of Twente, Groningen and Delft, in which provision of advanced technical infrastructure was to play a key part. From the 2000 "Masterplan Nanotechnology" onward, a distributed NanoLab, i.e. facilities to be located in the three centres, featured in the plans and proposals. This contains a number of generic technology platforms, not co-located but coordinated across a few locations.
Shifts occurred to address resource mobilisation opportunities, in particular the expansion of the original group of three centres, including, by that time, a division, located in Delft, of the national applied research organization TNO, with centres in four more universities (necessary to avoid accusations of preferential treatment of the original three centres), and eventually also Philips
Company. Alignment of the various participants was a challenge, and meeting it (even if precariously) was part of the challenge for the institutional entrepreneurship of David Reinhoudt (Scientific Director of MESA+) in which he was helped by the promise of major funding.
Important also was the need to achieve some semblance of coordination between participants who otherwise might see themselves in outright competition. This was done by positioning participants according to their specializations with cross-cutting "flagships" at the consortium national level. NanoLab continued to be a core element, with some 35% of the envisaged resources of the consortium devoted to it. While to be located at the three main centres, it would offer access to other NanoNed participants.
hal-00424519, version 1 -16 Oct 2009 hal-00424519, version 1 -16 Nov 2009
Contrary to Minatec (and Crolles 2) which emphasises co-location to creation a dense cluster of nanotechnologies organised around platforms, the technological agglomeration visible in the socalled NanoLab occurs within dense and highly coordinated networks in the Netherlands. It emphasizes existing competencies and the promise of creating four overlapping generic technology platforms. The Table below shows how the actors themselves described the "hubs" (Figure 2 ).
Twente: MESA+ focuses on the research and realisation of complex materials, devices and systems, on the processes used for the production of these and on the integration into complex devices and complete systems.
Thus it aims to become the Dutch hub for nanofabrication.
Groningen: MSC+ / Biomade has a fast intensifying focus on the development of (bio)molecular (nano) electronics through a combination of fundamental and applied research. Using the present infrastructure, new functional molecular elements and materials are designed and synthesized. Within the NanoLab NL programme, the MSC+ / Biomade infrastructure is designed to function as: the Dutch centre for bottom-up (bio) molecular electronics and functional (bio) molecular nanostructures. Local organizations putting effort and in such a facility MSC+, Biomade, and the Groningen Academic Hospital (AZG).
Delft: DIMES has expertise in the field of Micro-and Nano-electronics, mostly using cryogenic techniques, and expertise in Nano-fabrication in many applications.
With NanoLab NL, DIMES will provide a facility for nano-fabrication for broad use (and for all sorts of material-systems), using high-resolution e-beam lithography, different wet processing, oven-processes, thin film growth, dry-etch, and all sorts of nano-inspection techniques.
Delft: TNO TPD is primarily focused on production and analysis instrumentation on behalf of mass-fabrication of nano-chips. For this type of research, one needs to be able to measure, develop and experiment on (sub) nanometer scale. Within NanoLab NL the aim is the development of competencies in lithography. In the Netherlands, the strategy of key actors, with David Reinhoudt in the lead, is to reinforce existing competencies by overlaying the facilities with funding for key focal areas, leading to different nano-hubs.
Local arrangements can differ and the 'business models' for the generic platforms must evolve further. In the Netherlands, there are tensions about availability of clean-room time for researchers, dictated by the policy of 33% of the time being made available for small companies.
This is compounded by responsibilities of the local hubs to the national NanoLab. In Minatec the organisation of the clean room and related facilities is different: there will be dedicated staff to do fabrication and analysis as a service to a customer. The realisation of actual co-location of equipment from the original institutions and their staff will not be easy though.
The further development may not be conforming to the promises and projections that were made.
But it is clear already that there will be effects. Links between universities, public research institutes and firms (small, medium and large) become more important. Regional actors and policy makers become part of the techno-institutional dynamics and changes in industrial What remains to be clarified is whether this reinforces and balances the creation of clusters based on instrumentation, or whether novel combinations between nano centres, nano networks and nano alliances may appear. The strong claim that agglomeration of technology platforms is a prerequisite for a nano-cluster needs to be verified further. Further case studies are planned, and while the complexity of developments in the real world will make it difficult to make general claims about factors and drivers, we will disentangle some of the complexity by working with contrasting case studies. The results described above already give an indication that clustering in nanotechnology has interesting dynamics and that the success and failure of a cluster to be stimulated will in part be related to the degree of success in agglomeration of technology platforms. 
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